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Introduction
Visual deprivation during early postnatal development results in changes to remaining intact sensory systems to accommodate for the loss of vision (Merabet & Pascual-Leone, 2010 ).
There is an extensive body of research supporting crossmodal behavioral adaptations (e.g., faster language processing (Röder, et al., 2002) ), and functional recruitment of visual cortex for nonvisual tasks (e.g., sound localization (Weeks, et al., 2000) ) following early blindness. Early monocular enucleation, the surgical removal of one eye, is a unique model for examining the consequences of the loss of binocularity (for review : Steeves, et al., 2008) . Unlike other forms of monocular visual deprivation, such as cataract or strabismus, that result in anomalous binocular visual input, surgically removing the eye completely eliminates all visual input to the brain from that eye (Steeves, et al., 2008 ).
Monocular enucleation has been shown to result in crossmodal behavioral and morphological adaptations similar to those seen following early blindness. Assessment of binaural sound localization has revealed that monocular enucleation participants (compared to controls viewing binocularly, monocularly, and with their eyes shut) have significantly greater accuracy in the central region of space (i.e., within 78 degrees to the left or right of straight ahead) and less bias toward localizing sounds as 'straight ahead' (Hoover, et al., 2012) .
Moreover, participants who have undergone early monocular enucleation do not show the typical visual dominance demonstrated by controls (i.e., the Colavita visual dominance effect: Moro & Steeves, 2013) . Rather, they appear to weight auditory and visual stimuli equally, and continue to do so when the temporal load for the task is increased ; Moro & Steeves, 2013) . Participants who have undergone early monocular enucleation also show comparable spatial and temporal audiovisual localization abilities to those of control J o u r n a l P r e -p r o o f participants. Thus, despite taking significantly longer to localize unimodal visual stimuli compared to unimodal auditory stimuli, they demonstrate optimal audiovisual integration relative to controls (Moro, et al., 2014) .
Recently, using diffusion tensor imaging (DTI), we have shown that early monocular enucleation results in structural white matter changes throughout the visual system (Wong, et al., 2018) . Using standard DTI indices and probabilistic tractography, we observed asymmetries in the monocular enucleation group that were opposite to those observed in controls for fractional anisotropy (FA), mean diffusivity (MD), and radial diffusivity (RD) in the optic radiations, the projections from primary visual cortex (V1) to the lateral geniculate nucleus (LGN), and the interhemispheric V1 projections (Wong, et al., 2018) . Early monocular enucleation was associated with significantly lower FA bidirectionally in the interhemispheric V1 projections (Wong, et al., 2018 ). These differences were consistently greater for the tracts contralateral to the enucleated eye and are consistent with the asymmetric LGN volumes and optic tract diameters previously observed in this group of participants (Kelly, et al., 2014) . Likewise, the changes observed in the interhemispheric V1 projections (Wong, et al., 2018) are consistent with the significantly larger surface area and gyrification of ipsilateral V1 of monocular enucleation participants . These differences in structural connectivity may be related to changes in visual processing reported following early monocular enucleation (e.g., impaired motion processing; for review: Kelly, et al., 2012; Steeves, et al., 2008) .
Findings from studies in early blind participants indicate that white matter changes also occur outside of the visual system, including structures connecting frontal and temporal regions, frontal and somatosensory regions, and the corticospinal tracts (Yu et al., 2007) . Long-term structural changes in the auditory and multisensory systems have been observed following early J o u r n a l P r e -p r o o f monocular enucleation. A hemispheric asymmetry in the medial geniculate body (MGB), the auditory nucleus of the thalamus, is present in only monocular enucleation participants, where the left MGB volume is significantly larger than the right MGB, independent of eye of enucleation (Moro, et al., 2014) . Additionally, increased gray matter surface area and gyrification in cortical regions responsible for auditory and multisensory processing have been demonstrated following early monocular enucleation . Given that the previously reported white matter differences within the visual system are consistent with gray matter differences (Kelly, et al., 2014; Kelly, et al., 2015; Wong, et al., 2018) , and that gray matter differences are also found in auditory and multisensory regions , it is possible that white matter structures connecting auditory and audiovisual regions are also altered following early monocular enucleation
In the present study, we extend our previous findings of altered white matter in the visual system to examine the potential long-term consequences of early monocular enucleation on white matter tracts associated with auditory and audiovisual processing. Given the crossmodal changes previously observed in this group (Hoover, et Table   I . 
1. Binocularly intact control participants (BC
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3. Data Processing
Data acquisition and processing were performed in accordance with the procedures of Seed masks consisted of the MGB and A1 for the auditory radiations and A1-V1 tracts, respectively. Termination masks consisted of A1 and V1, which were also used as waypoint masks (identify only the tracts passing through the specified region), for the auditory radiations and A1-V1 projections. The reverse tractography was performed in order to investigate the connections from termination to seed masks (i.e., the MGB-A1 projections and V1-A1 projections). To reduce the number of false positive streamlines (tracts), an exclusion mask consisting of cerebral white matter of the opposite hemisphere was used for all reconstructions (Behrens, et al., 2007; Behrens, et al., 2003) . PROBTRACKX was run under the same settings previously used to compare visual system white matter structure between binocularly intact controls and participants who had undergone early monocular enucleation (Wong, et al., 2018 ).
Reference to seed and termination points does not imply tract directionality (which cannot be inferred from probabilistic tractography), but only refers to tract start and end points.
J o u r n a l P r e -p r o o f Affine nonlinear registration (FNIRT) was then used to align the data for the remaining diffusion indices before they were individually projected onto the mean skeleton. Values for all diffusion parameters were subsequently extracted from the auditory radiations, MGB-A1 projections, A1-V1 projections, and V1-A1 projections using masks of the PROBTRACKX generated tracts (Smith, et al., 2006 ).
Statistical Analysis
The open source program R (version 3.2.2; http://www.R-project.org) was used to perform all statistical analyses. Due to the non-normality of the data, independent and repeatedmeasures pairwise comparisons for the four tracts of interest were conducted using Yuen's test (T y ) with 10% trimmed means. Multiple comparisons were controlled for using the falsediscovery rate (FDR).
Results
There was no significant effect of sex on the tracts of interest investigated, p > .05.
Therefore, sex was not factored into the following analyses.
As in our previous investigation (Wong, et al., 2018) , all results are reported relative to the non-dominant eye in controls and the enucleated eye in monocular enucleation participants in J o u r n a l P r e -p r o o f order to standardize the hemispheric comparisons. Findings in controls will be referred to as ipsilateral or contralateral to the non-dominant eye, and results for monocular enucleation participants will be reported as ipsilateral or contralateral to the enucleated (i.e., non-dominant) eye. Eye dominance was assessed in the control participants using visual acuity and the Porta test (described in Durand & Gould, 1910) . There is a growing literature base examining the variability of eye dominance in individuals with normal visual acuity (see Li, et al., 2010) .
Findings have revealed that only a minority of the population demonstrates strong and consistent eye dominance. Given that the purpose of our study is not to use eye dominance as the basis for clinical decision-making, nor to assess behavioral performance in control participants, even weak eye dominance is sufficient. Table II provides the values of the white matter variables described in the results section. J o u r n a l P r e -p r o o f
Discussion
This study investigated whether changes in white matter structure occur in the auditory system in adults who had undergone early monocular enucleation. We reconstructed four auditory and audiovisual tracts of interest using probabilistic tractography and examined these structures in individuals with early monocular enucleation compared to binocularly intact controls using standard diffusion indices (i.e., AD, FA, MD, RD). Similar to our observations in the white matter structures of the visual system (Wong, et al., 2018) , both groups demonstrated asymmetries in intrahemispheric tracts. Monocular enucleation participants, however, showed asymmetries opposite to control participants in the auditory and A1-V1 tracts. They also demonstrated significantly lower FA in the audiovisual projections contralateral to the enucleated eye only. Overall, these findings suggest that partial vision loss from early monocular enucleation results in alterations to structural connectivity that extend beyond tracts primarily dedicated to vision and into tracts involved in auditory processing.
The auditory radiations were of particular interest due to the larger MGB volume (Moro, et al., 2015) and increased surface area and gyrification previously observed in higher-level auditory cortex in monocular enucleation participants. Control participants showed significantly larger AD, FA, MD, and RD values in the tracts ipsilateral to the nondominant eye in both the auditory radiations and reconstructions from A1 to the MGB, suggesting an overall increase in the degree and directionality of diffusion in these tracts. It is surprising that control participants would demonstrate eye-dominance dependent asymmetries in these auditory tracts given that most known auditory asymmetries are due to hemisphere localization (Hutsler & Galuske, 2003; Zatorre, et al., 2002) . There is increasing evidence, however, that while primary sensory regions chiefly process information for that sense, they are J o u r n a l P r e -p r o o f also, to a degree, multimodal (Driver & Noesselt, 2008; Martuzzi, et al., 2007; Schroeder & Foxe, 2005) . For example, visual stimuli can activate auditory cortex in control participants (Meyer, et al., 2010; Pekkola, et al., 2005) . Therefore, it is possible that asymmetries in the visual system (Wong, et al., 2018 ) may be reflected in the auditory system. Inferences drawn from these findings are limited due to the fact that ear dominance was not controlled for in this study (Zatorre, 1989) . Lastly, it has been found that participants who have undergone monocular enucleation have significantly greater surface area and gyrification in V1 ipsilateral to the enucleated eye compared to controls . This increased surface area and gyrification may support the absence of significant between-group differences in FA values in the A1-V1 and V1-A1 projections ipsilateral to the non-dominant eye of both groups despite the loss of one eye.
Contralateral V1 does not demonstrate these structural increases, which may contribute to significantly lower FA in the contralateral hemisphere.
Results of the current study are limited by the sample size, as is typical when investigating patient groups with rare conditions. Efforts to compensate for the sample size included ensuring that each patient was approximately age and sex matched with the control group, and by employing non-parametric statistical analyses.
J o u r n a l P r e -p r o o f . These results contribute to our understanding of the morphological adaptations underlying behavioral changes seen in participants who have undergone monocular enucleation (Kelly, et al., 2014) . These findings suggest that partial vision loss from early monocular enucleation results in alterations to structural connectivity that extend beyond tracts primarily dedicated to vision.
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